Isoflurane is a popular agent for induced hypotension because it is simple to use and has favourable effects on the systemic [1] and cerebral circulations [2] . During neurosurgical procedures, resistance to isoflurane-induced hypotension is unusual, and supplementary doses of a padrenoceptor antagonist are required only occasionally [3] , possibly because plasma adrenaline and noradrenaline concentrations do not increase in neurosurgical patients during isoflurane-induced hypotension [4] . However, we have noticed that a significant proportion of patients undergoing ENT surgical procedures are relatively resistant to induced hypotension and have required labetalol to induce hypotension satisfactorily. As P-adrenoceptor antagonists can cause undesirable bradycardia following induced hypotension [5] , or bronchoconstriction in susceptible individuals, we are investigating the use of alternative agents to facilitate induced hypotension.
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Isoflurane is a popular agent for induced hypotension because it is simple to use and has favourable effects on the systemic [1] and cerebral circulations [2] . During neurosurgical procedures, resistance to isoflurane-induced hypotension is unusual, and supplementary doses of a padrenoceptor antagonist are required only occasionally [3] , possibly because plasma adrenaline and noradrenaline concentrations do not increase in neurosurgical patients during isoflurane-induced hypotension [4] . However, we have noticed that a significant proportion of patients undergoing ENT surgical procedures are relatively resistant to induced hypotension and have required labetalol to induce hypotension satisfactorily. As P-adrenoceptor antagonists can cause undesirable bradycardia following induced hypotension [5] , or bronchoconstriction in susceptible individuals, we are investigating the use of alternative agents to facilitate induced hypotension.
Clonidine is an established antihypertensive agent which appears to act mainly by central a-2-adrenoceptor stimulation resulting in diminished sympathetic outflow [6] . During anaesthesia it has been shown to reduce the MAC of halothane [7, 8] and to reduce the dose requirement for sodium nitroprusside-induced hypotension [9] . The purpose of the present study was to establish if single dose oral clonidine premedication would Correspondence to C.P-R.
SUMMARY
The reduce the vapour requirement for isofluraneinduced hypotension in patients undergoing middle ear or nose surgery. The need for supplementary doses of labetalol was noted and plasma adrenaline and noradrenaline concentrations were measured.
PATIENTS AND METHODS
Patients aged 18-60 yr, ASA I-II, were studied during middle ear or nasal surgery requiring induced hypotension during anaesthesia. Patients with hypertension or obstructive airways disease were excluded. The study was approved by the local Ethics Committee, and informed consent to their participation was obtained from all subjects. Twenty patients were assigned randomly to two groups: 10 received clonidine 0.6 mg by mouth with temazepam 20 mg or 30 mg (the higher dose being used in patients weighing 70 kg or more) 2 h before surgery, while the other 10 received temazepam alone and served as a control group. Anaesthesia was induced with fentanyl 2.5 ug kg" The left radial artery was cannulated and intraarterial pressure monitored with a Gould P23Ia transducer and a Hewlett-Packard BP module 78205A. The mean arterial pressure (MAP) signal was read through an ADC by a BBC B microcomputer, which was connected via its user port to a driving mechanism attached to the concentration selector dial of a calibrated Cyprane isoflurane vaporizer ( fig. 1 ). When hypotension was required, a self-tuning control program using the generalized minimum-variance algorithms of Clarke and Gawthrop [10] and running in BASIC, was initiated [11] [12] [13] [14] . The maximum available isoflurane concentration was 5% (limited by the vaporizer). In patients who were evidently sensitive to the hypotensive effect of isoflurane, the maximum concentration was restricted to 3 % or 4 % through the keyboard as the program ran, for safety reasons.
Heart rate (HR) and MAP were recorded, and isoflurane concentration automatically adjusted, every 25 s. Data were stored on computer disc at each cycle. A supplementary dose of labetalol was used to facilitate induced hypotension when the following criteria were fulfilled: if, 10 min after initiating control, there was tachycardia (denned as a heart rate of 100 beat min" 1 or more), or failure to achieve hypotension, labetalol 5 mg i.v. was given.
For analysis of the isoflurane dose requirement, the MAP regulation period was divided into two phases; the induction phase from initiation of MAP regulation to attainment of hypotension (51 mm Hg or less), and the maintenance phase from attainment of hypotension to the end of the MAP regulation period. Isoflurane requirement for a given phase was calculated as the mean of the concentrations selected at each 25-s cycle in that phase.
Ten millilitre of venous blood was collected in a heparinized tube containing the anti-oxidant sodium metabisulphite, stored on ice, centrifuged within 3 h of collection and analysed for plasma catecholamine concentrations (1) before induction of anaesthesia, (2) before induction of hypotension, (3) and (4) 15 and 30 min after induction of hypotension, and (5) 15 min after controlled hypotension was stopped. Plasma adrenaline and noradrenaline concentrations were measured by high pressure liquid chromatography [15] .
Quality of MAP regulation in each subject was judged by calculating the standard deviation of the MAP at each 25-s cycle about the target pressure. All results are reported as the mean ± 1SD. The Mann-Whitney U test was used to make inter-group comparisons of mean isoflurane and catecholamine concentrations, and Students's t test was used to compare quality of control estimates. The number of patients in each group requiring labetalol was assessed by Fisher's exact test. Probability < 0.05 was considered significant.
RESULTS
The control and treatment groups were broadly comparable in age, sex distribution, weight, type of surgery performed and duration of MAP regulation (table I) .
Before induction of hypotension HR ( fig. 2 ) and MAP ( fig. 3) were similar between groups. During induction of hypotension one patient in the control group and two in the clonidine group had HR less than 50 beat min" 1 , while three patients in the control group and one in the clonidine group developed a tachycardia ( fig. 2 ). Ten minutes after control was initiated, six patients required labetalol to facilitate hypotension; five of 10 in the control group, compared with one of 10 in the clonidine group (Fisher's exact probability = 0.07; ns). Of the six who received labetalol, three had both tachycardia and failure to achieve hypotension, two had only failure to achieve hypotension, and one had tachycardia only.
Mean duration of the induction phase was 9.2 + 4.0 min in the control group and 8.0 ±3.4 min in the clonidine group (ns). Induction of hypotension required a mean isoflurane concentration of 3.01 ±0.77% in the control group compared with 2.0 ± 0.79 % in the clonidine group (P < 0.05). Subsequent maintenance of hypotension required a mean isoflurane concentration of 2.25+0.79% in the control group compared with 1.37 ±0.65% in the clonidine group (P < 0.01). The mean standard deviation of the MAP about the target pressure was 2.3 mm Hg in the clonidine group, and 3.4 mm Hg in the control group (range 1.4-5.2 mm Hg). There was no intergroup difference in quality of MAP regulation. Plasma catecholamine concentrations were generally low before induction of anaesthesia, and adrenaline concentrations were frequently at the lower limit of detection (0.02-0.08 pg ml" 1 ). They showed no significant changes during isofluraneinduced hypotension, and there was no difference in values between control and clonidine groups (figs 4, 5).
DISCUSSION
Computer control techniques can be applied in anaesthesia in situations where a variable, such as arterial pressure, is required to be tightly regulated. The self-tuning control program used in this study was based on the generalized minimum-variance algorithms of Clarke and Gawthrop [10] . It has been developed from experience with sodium nitroprusside and phenylephrine infusions [12, 16, 17] , and subsequently with isoflurane delivered from a standard vaporizer modified for computer control by a positional servomechanism [11, 13] . It is designed to cope with variations in numerous patient response variables including response latency, time constant and sensitivity. Details of the program, its development and implementation have been published previously [11] [12] [13] [14] . The mathematical principles applied in this selftuning program are outlined in the Appendix. Self-tuning control of isoflurane concentration to regulate mean arterial pressure is a strategy which gives an objective quantification of the vapour requirement for induced hypotension. It performs as well as a trained anaesthetist using manual control of the vaporizer dial, when the standard deviation of MAP about the target pressure is of the order of 3.5-4.4 mm Hg [13] . It has proven to be a suitable tool for evaluating the influence of clonidine premedication on isoflurane-induced hypotension. The isoflurane requirements for induction and maintenance of hypotension in our control group are comparable to those reported by other workers using manual control [1] [2] [3] . The quality of control in this study was satisfactory by the criterion of standard deviation of MAP about the target pressure. This is the first report of the effect of a single dose of clonidine upon the vapour requirement for isoflurane-induced hypotension in surgical patients. Isoflurane is particularly suited to hypotensive anaesthesia because of its favourable effects on the balance of cerebral blood flow and metabolism [2, 18] . As nitrous oxide tends to stimulate cerebral metabolism [19, 20] and may negate any protective effects of depressant agents [21] we have used isoflurane in oxygen, with analgesia provided by a fentanyl infusion, in our anaesthetic technique.
Plasma catecholamine concentrations are increased during hypotension induced with vasodilators such as sodium nitroprusside [22, 23] and resistance to hypotension is well described [24, 25] . This is commonly treated with a padrenoceptor antagonist [25] or the combined ocand P-adrenoceptor antagonist labetalol [24] . In contrast, MacNab and colleagues [4] found that increase in plasma catecholamine concentration does not occur with isoflurane-induced hypotension in patients with intracranial aneurysm, and the same group reported that supplementary doses of p-adrenoceptor antagonists were required in only eight of 96 patients [3] . Our study has confirmed the absence of catecholamine response to isoflurane-induced hypotension in nonneurosurgical patients, but we found that approximately 50 % of patients without clonidine premedication required a supplementary agent to facilitate induced hypotension during ENT surgery. This difference is probably related to the power of the surgical stimulus during the hypotensive period and perhaps to different criteria for resorting to a supplementary agent. It also suggests that resistance to induced hypotension is not solely dependent on high concentrations of circulating adrenaline and noradrenaline. The absence of a catecholamine response to isoflurane-induced hypotension is probably a non-specific consequence of deep anaesthesia, comparable to the reduction of the stress response by enflurane during surgery [26] and by isoflurane during cardiopulmonary bypass [27] .
Clonidine is an a-2-adrenoceptor agonist which is indicated in the treatment of hypertension, menopausal flushing and migraine prophylaxis. It is not a drug of first choice in the management of hypertension as it causes drowsiness, and occasional rebound hypertension upon withdrawal of chronic therapy [6] . Rebound hypertension does not occur after a single dose, and a sedative effect is desirable in a drug used for anaesthetic premedication. Clonidine also produces analgesia at the spinal cord level [28] . Peak plasma concentrations are achieved, and a reduction in resting noradrenaline concentrations occurs, approximately 2.5 h after oral administration [29] . It is therefore to be expected that it would potentiate halothane [7, 8] , thiopentone [30] or opioid anaesthesia [31] , and facilitate induced hypotension [9] .
The results of our study show that single dose oral premedication with clonidine 0.6 mg in surgical patients significantly reduces the vapour requirement for isoflurane-induced hypotension, although it does not entirely obviate the need for further supplementary agents to facilitate induced hypotension. We found no significant difference in plasma catecholamine concentrations between the control and clonidine-treated groups at any stage.
We conclude that clonidine, a drug which has no effect upon airway resistance, may be a suitable alternative agent to facilitate induced hypotension when the P-adrenoceptor antagonists are contraindicated. Our anaesthetic technique did not include any vagolytic agents and we were, therefore, not surprised to find heart rates of less than 50 beat min" 1 in three patients (one control, two clonidine) during anaesthesia. No other side effects attributable to the use of clonidine premedication were observed in this small study.
APPENDIX
The principal steps in the self-tuning program are as follows: If MAP values y(t), y(t -1), y(t -2),... and isoflurane inspired concentrations u(r)> "('-1)> «(* -2), ... occur at present and previous samples t, r-1, t-2, ... the following equation is used to estimate the parameters of the controlled system (i.e. patient AP):
where y F (1-2) = 3.52772647*>(t-2), and/ 
We achieve <p(l + 2) = w(t) and get the required response for y(.t)-To estimate the parameters in the control law (3) the following recursions are performed as soon as a new sample of MAP y(t) becomes available:
Rewriting equation (1) as the scalar product of two array vectors:
<?(<) = U < ,>go'SvS 2 ,d).(y F (t-2),u(.t-2),uU-3) ) u{c-'i), 1) = P(t) T .Z(t)
where P(t) r is the transpose of a column vector of the parameters, P(t) T = (/ 0 ,.,.,., d), and Z(t) is a column vector of the data, Z(i) = (y F (t -2),.,.,.,l) r , then the prediction error of the estimates obtained from the previous sample time is: let:
=
Z(t) T C(t)Z(t)
where C(r) is a (5 x 5) covariance matrix that specifies the accuracy to which the estimates are determined. (at the next sample time l+l will become t). To start the recursions the following prior values are used the first time the estimates are calculated: C(l) is a diagonal matrix with 100s on the main diagonal, 0s elsewhere, P(1) T = (0.1, -0.9, 0.1, 0.1, 0.1), L(l) = 100, v = 3, r = 0.05. For further details see Karny and colleagues [32] in the first instance. In fairness to the reader, many other calculations are required (see, for example reference [14] ).
n = E 2 /L(t) Let

